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Process for preparing urokinase complex. 

© This invention provides 8 process for preparing a 
fibrin-adsorable protein-urokinase complex characterized by 
reacting a protein adsorbable by fibrin with urokinase in the 
presence of a protein coupling reagent represented by the 
formula 
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PROCESS FOR PREPARING UROKINASE COMPLEX 



This invention relates to a process for 
preparing novel f ibrin-ads orb able protein-urokinase 
5 complexes . 

Urokinase, a thrombolytic enzyme, is widely 
used for clinical purposes as an agent for treating 
thrombosis. However, urokinase is not capable of being 
adsorbed by fibrin which is a protein component of 

10 thrombi, and, when intravenously given, is rapidly 

metabolized and excreted, so that the enzyme fails to 
achieve as high a therapeutic effect as is expected from 
its activity in vitro . When urokinase is administered 
at large doses as practiced in the U.S. and European 

15 countries, systemic activation of plasminogen takes 
place, accompanied by marked side effects such as a 
tendency of bleeding due to the decomposition of 
fibrinogen. On the other hand, the circulating blood 
contains large amounts of plasmin inhibitors, such as 

20 c^-plasmin inhibitor and ct^-macroglobulin, which inhibit 
the thrombolysis of urokinase due to the activation 
(formation) of plasmin. 

In view of the above, we directed attantion to 
the possibility of coupling a f ibrin-adsorbable protein 
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to give urokinase ability to couple with fibrin because 
urokinase will then be adsobred to thrombi as contem- 
plated for therapy with reduced susceptibility to 
metabolism and excretion to result in a prolonged half- 
life period thereof in the blood and further because 
urokinase as coupled with fibrin will be less prone to 
the action of plasmin inhibitors to achieve enhanced 
therapeutic effect while permitting plasminogen to be 
locally activated at the site of thrombus and consequently 
alleviating bleeding tendency and like side effects. 
Thus, in order to obtain urokinase adsorbable by fibrin, 
we have carried out intensive research and developed a 
complex with use of a heavy chain derived from plasmin 
and serving as a f ibrin-adsorbable protein (the heavy 
chain will hereinafrer be referred to as "plasmin HC") 
by coupling the plasmin HC with urokinase by means of 
a specific protein coupling reagent. We have found 
that this complex has ability to be adsorbed by fibrin, 
possesses the desired activity of urokinase and is 
effective as a novel thrombolytic agent. The present 
invention has been accomplished based on this novel 
finding. 

Stated more rnr»ri f i <~ i - t ■• . : 
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by reacting a f ibr in-adsorbable protein with urokinase 
in the presence of a protein coupling reagent represented 
by the formula 



(A^-COON 



< R >m d> 




CB) n - N 
0' 

5 wherein R Is phenylene or cycloalkylene f A is lower 
alkylene, B is lower alkylene which may optionally be 
substituted by lower alkylthio or phenyl-lower alkylthio, 
and £, m and n are each 0 or 1 provided that £, m and n 
are not 0 at the same time. 

10 The complex obtained by the above process of 

this invention acts selectively (locally) on the site 
of thrombus when used as a thrombolytic agent in a 
smaller amount than when urokinase is used singly, 
undergoes retarded metabolism and excretion, is less 

15 affected by plasmin inhibitors, exhibits sustained 

satisfactory thrombolytic activity and is less likely 
to entail side effects such as tendency of systemic 
bleeding, hence very effective* Furthermore, the 
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that the fibrinolytic activity thereof is potentiated 
in the presence of fibrin-like substances. Therefore, 
the complexes of the invention have a fibrinolytic 
effect as produced by tissue-type plasminogen activators. 
5 Thus, the present invention has established a novel 

process of easily and efficiently producing such a novel 
complex which is useful as a thrombolytic agent, con- 
tributing a great deal to the pharmaceutical industry 
and. other fields. 

Iq In the compounds of the formula (1) useful 

as protein coupling reagents for the present process, 
examples of phenylene groups represented by R are 
o-phenylene, m-phenylene and p-phenylene, and examples 
of cycloalkylene groups similarly represented are cyclo- 

15 propylene, 1 , 3-cyclobutylene , 1 , 2-cyclopentylene, 1,3- 
cyclopentylene, 1 , 2-cyclohexylene, 1 ,4-cyclohexylene, 
1,3-cycloheptylene, 1 , 5-cycloocytylene and like cyclo- 
alkylene groups having 3 to 8 carbon atoms. 

Examples of lower alkylene groups represented 

20 by A are methylene, ethylene, trimethylene , tetra- 
methylene, pen tame thy lene, hexamethylene , 2-methyl- 
trimethylene and like alkylene groups having 1 to 6 
carbon atoms. Examples of lower alkylene groups which 
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are alkylene groups having 1 to 6 carbon atoms and 
exemplified above, and alkylene groups having 1 to 
6 carbon atoms and substituted with lower alkylthio 
having 1 to 6 carbon atoms or with phenyl-lower 
alkylthio wherein the alkyl moiety has 1 to 6 carbon 
atoms. Examples of the lower alkylene substituted with 
lower alkylthio are methylthiomethylene, ethyl thio- 
methylene, butylthiomethylene , hexylthiomethylene. 
ethylthioethylene, propyl thioethylene , 2 -methyl thio- 
trimethylene, 2-ethylthioethylmethylene . 2-propylthio- 
tetramethylene., 3-ethylthiomethylpentamethylene, 
3-ethylthiohexamethylene, etc. -Examples of the lower 
alkylene substituted with phenyl-lower alkylthio are 
benzylthiomethylene, benzylthiomethylmethylene , benzyl - 
thioethylene, 2-benzylthiotrimethylene, 2 -benzyl thioethyl- 
ethylene, 2-[ 2- (2-phenylethylthio)ethyl] trimethylene , 
3-phenylpropylthiomethylene, 4-phenylbutyl thioethylene, 
3-phenylpen ty lthiomethylene , 6-phenylhexylthioethylene , 
3-benzylthiopropylethylene, 2-benzylthiomethylpenta- 
methylene, 3-benzylthiohexamethylene , etc. 

The compounds represented by the formula (1) 
include known or novel compounds which can be easily 
prepared, for example, by the process disclosed in 
T.Kitagawa et al . , J.Biochem. (Tokyo), 79, 233 (1976). 
For example, such compounds arr- nrpn^r^ v,. 
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Equation-1 
(A) £ -C00H 



(R) 



m 



CB) -NH_ 
n Z 



(2) 



|| N-COOR 1 



(3) 



(A) A -COOH 



(R). 



m 



(B) n - N 




(4) 



N-OH 



0 
(5) 



(A) 4 -C00N 



CR). 



(B) n -N 




In the above equation, R, A, B, £ , m and n are as 
defined above, and R 1 is lower alkyl. 

The reaction between an aminocarboxylic acid 
of the formula (2) and a maleimide derivative of the 
formula (3) is carried out in a suitable solvent in the 
presence of a basic compound. Examples of useful basic 
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hydroxide, potassium hydroxide, potassium hydrogen 
carbonate and like inorganic bases. The solvent can be 
any of inert solvents which will not adversely affect 
the reaction. Typical of such solvents are water; 
5 methanol, ethanol , propanol, butanol , ethylene glycol 

and like alcohols; dimethyl ether, tetrahydrofuran (THF) , 
dioxane, monoglyme, diglyme and like ethers; acetone, 
methyl ethyl ketone and like ketones; N, N- dimethyl - 
formamide (DMF) , dimethyl sulfoxide (DMSO) , hexamethyl- 
10 phosphoric triamide (HMPA) and like aprotic polar 

solvents; etc. The ratio between the aminocarboxylic 
acid (2) and the maleimide derivative (3) is not 
particularly limited, but is variable over a wide range. 
Usually about 1 to about 3 moles, preferably about 1 
15 to about 1.3 moles, of the latter is used per mole of 
the former. The reaction temperature, which is not 
particularly limited either, is usually about 0 to about 
50°C, preferably about 0 to about 30°C. The reaction 
time is usually about 1 to about 3 hours. The reaction 
20 thus conducted affords a compound of the formula (4). 

The compound of the formula (4) can also be 
obtained with use of maleic anhydride in place of the 
maleimide derivative (3) by reacting maleic anhydride 
with the aminocarboxylic acid (2) and subjecting the 
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reaction. Such reaction is carried out by using about 
1 to about 3 moles, preferably about 1 to about 1.3 moles, 
of maleic anhydride per mole of the aminocarboxylic acid 
(3) and using the same solvent as in the reaction between 
5 the aminocarboxylic acid (2) and the maleimide . derivative 
(3). The reaction is conducted at a temperature usually 
of about 20 to about 150°C, preferably about 30 to about 
100° C, for about 1 to about 5 hours. The maleic acid 
derivative obtained can be subjected, as contained in 

10 the reaction mixture, to the subsequent dehydration 

reaction without being isolated therefrom and purified. 
This reaction is carried out in the presence of a 
dehydration condensation agent without using any solvent 
or with use of a suitable solvent. Examples of useful 

15 dehydration condensation agents are acetic anhydride, 

propionic anhydride, butyric anhydride, caproic anhydride, 
benzoic anhydride and like acid anhydrides. Examples of 
suitable solvents are dimethyl ether, THF, dioxane, 
monoglyme, diglyme and like ethers; benzene, toluene, 

20 xylene and like aromatic hydrocarbons; methylene chloride, 
chloroform and like hydrocarbon halides; etc. The amount 
of dehydration condensation agent, which is not limited 
particularly, is usually at least a catalytic amount, 
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be used to serve also as a solvent. The dehydration 
reaction is conducted usually at about 50 to about 150°C, 
preferably at about 90 to about 100°C, for about 1 to 
about 5 hours. 

The desired maleimide derivative of the formula 
(1) is obtained by reacting the compound of the formula 

(4) thus prepared with N-hydroxysuccinimide (5). This 
reaction is conducted in a suitable solvent, preferably 
in the presence of a dehydration condensation agent. 
Examples of useful dehydration condensation agent are 
dicyclohexylcarbodiimide (DCC) , trichloroacetonitrile, 
acetylene ethyl ether, ethyl cyanate, etc. Examples of 
useful solvents are diethyl ether, THF, dime thoxye thane 
(DME) , diglyme and like ethers; DMF, pyridine, 2-methyl- 
pyrrolidone, etc. The amount of N-hydroxysuccinimide 

(5) to be used based on the compound of the formula (4) 
is not limited particularly; usually about 1 to about 

3 moles, preferably about 1 to about 1.3 moles, of the 
imide is used per mole of the latter. The reaction 
is carried out generally at about 0 to about 50°C, 
preferably about 0 to about 30°C, for about 1 to about 
3 hours. When the dehydration condensation agent is 
used for the reaction, usually about 1 to about 3 moles, 
preferably about 1 to about 1.3 moles, of the agent is 
used per mole of the compound (4). 
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In place of the compound of the formula (4), 
also usable for the above reaction is like compound 
having its carboxyl group activated. Examples of such 
compounds are mixed acid anhydrides which are obtained 
5 by reacting the compound (4) with alkylhalocarboxylic 
acids, and acid halides thereof. 

The process wherein the mixed acid anhydride 
is used is practiced usually by reacting the compound of 
the formula (4) with an alkylhalocarboxylic acid, such 

10 as methyl chlorof ormate , methyl bromo formate or isobutyl 
chloroformate, by Schotten-Baumann reaction and reacting 
N-hydroxysuccinimide (5) with the resulting mixed acid 
anhydride as contained in the reaction mixture without 
isolation. The Schotten-Baumann reaction is carried 

15 out in the presence of a basic compound which is usually 
used for the reaction, at about -20 to about 100 °C, 
preferably about 0 to about 50°C, for about 5 minutes to 
about 10 hours. Examples of useful basic compounds are 
sodium hydroxide, potassium hydroxide, sodium carbonate, 

20 potassium carbonate, sodium hydrogen carbonate, potassium 
hydrogen carbonate, silver carbonate and like inorganic 
bases; sodium methylate, sodium ethylate and like 
alcoholates; and trimethylamine, triethylamine, pyridine, 
N, N-dimethylaniline, N-methylmorpholine , 4-dimethyl- 
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l,8-dia2abicyclo[5,4 f 0]undec-7-ene (DBU) , 1,4-diaza- 
bicyclo[2,2,2]octane (DABCO) and like organic bases. 
The reaction between the resulting mixed acid anhydride 
and N-hydroxysuccinimide (5) is conducted usually in a 
5 suitable solvent at about -20 to about 150°C, preferably 
about 10 to about 50° C, for about 5 minutes to about 
10 hours. Examples of suitable solvents are those 
generally used for such mixed acid anhydride processes . 
such as methylene chloride, chloroform, dichloroethane 

10 and like hydrocarbon halides; benzene, toluene, xylene 
and like aromatic hydrocarbons; diethyl ether, THF, DME 
and like ethers; methyl acetate, ethyl acetate and. like 
esters; DMF, DMS0, HMPA and like aprotic polar solvents, 
etc. Usually the compounds of the formula (4), alkyl- 

15 halocarboxylic acid and N-hydroxysuccinimide (5) are 
used in approximately equimolar amounts. Preferably 
about 1 to about 1.5 moles of each of the latter two 
compounds i.e., alkylhalocarboxylic acid and N-hydroxy- 
succinimide (5) is used per mole of the compound of the 

20 formula (4) . 

The process wherein the acid halide is used is 
practiced usually by reacting a halogenating agent with 
the compound of the formula (4) and reacting N-hydroxy- 
succinimide (5) with the resulting carboxylic acid halide 

o c p <z r- on T n i n ° ^ ^ ^ t- v> 0 - -i ~ -* ^ . • .. ♦ - . t 
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The reaction between the compound of the formula (4) and 
the halogenating agent is conducted in the" presence or 
absence of a solvent. Examples of useful solvents are 
those which will not adversely affect the reaction, 
5 such as benzene, toluene, xylene and like aromatic 
hydrocarbons; chloroform, methylene chloride, carbon 
tetrachloride and like hydrocarbon halides; dioxane, 
THF, diethyl ether and like ethers; DMF, DMSO and 
the like. The halogenating agent can be a usual 

10 halogenating agent which converts the hydroxyl of the 
carboxyl group to a halogen, such as thionyl chloride, 
phosphorus oxychloride, phosphorus oxybromide, phosphorus 
pentachloride, phosphorus pentabromide or the like. 
The ratio between the compound of the formula (4) and 

15 the halogenating agent to be used is not limited 

particularly but is suitable determined. When the 
reaction is conducted in the absence of a solvent, a 
large excess of the latter is usually -used relative to 
the former, while in the presence of a solvent, usually 

20 at least about one mole, preferably about 2 to about 
4 moles, of the latter is used per mole of the former. 
The reaction, the conditions of which are not limited 
particularly, is conducted usually at room temperature 
to about 100°C, preferable about ^0 t-n ^hrmt- sn°r* f-^ 
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the resulting carboxylic acid halide and N-hydroxy- 
succinimide (5) is carried out in the presence of an 
agent for removing hydrogen halides. Usual basic com- 
pounds are used as such agents. Examples of such basic 
5 compounds are sodium hydroxide, potassium hydroxide, 
sodium carbonate, potassium carbonate, sodium hydrogen 
carbonate, potassium hydrogen carbonate, silver carbonate 
and like inorganic bases; sodium methylate, sodium 
ethylate and like alcoholates; and tr ie thy 1 amine, 

10 pyridine, N,N-dimethylaniline, N-methylmorpholine , 4- 

dimethylaminopyridine , 1 , 5-diazab icyclo [4,3,0 ]non-5-ene 
(DBN), l,8-diazabicyclo[5,4,0]undec-7-ene (DBD) , 1,4- 
diazabicyclo[2,2,2]octane (DAB CO) and like organic bases. 
The reaction is conducted in the absence or presence of 

15 a solvent. The solvent can be any of inert solvents 

which will not adversely affect the reaction and which 
include, for example, chloroform, methylene chloride, 
carbon tetrachloride and like hydrocarbon halides ;' 
diethyl ether, THF, dioxane and like ethers; benzene, 

20 toluene, xylene and like aromatic hydroxycarbons ; methyl 
acetate, ethyl acetate and like esters; DMF, DMSO, HMPA 
and like aprotic polar solvents; etc. Although the 
ratio between the carboxylic acid halide and N-hydroxy- 
succinimide (5) is not limited particularly, at least 

? OHP TTlolf. nrrfprnhl v iVini't- T »- -V-,. .. ~ •. r ■ 
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latter is used per mole of the former when the reaction 
is conducted in a solvent. The reaction, the conditions 
of which are not limited particularly, is carried out 
usually at about -30 to about 100 °C, preferably about 
0 to about 50°C, for about 0.5 to about 12 hours. 

The aminocarboxylic acid represented by the 
formula (2) in the equation- 1 is prepared, for example, 
by the process represented by the following equation 
of reaction* 



10 Equation -2 
(A) £ -CN 



(R) 



m 



(B) n -X 




(7) 



(A) i -CN 



(R) 



m 



0 



(B) n -N || 

b 




(6) 



(8) 



hydrolysis 



(A) £ -C00H 



(R) 



m 



(B) n -NH 2 



01 09653 



- 15 



10 



In the above equation, R, A, B, I, m and n are as 
defined above, X is a halogen atom, alkanesulf onyloxy , 
arylsulfonyloxy or aralkylsulfonyloxy. 

Examples of atoms or groups represented by X 
in the formula (6) are halogen atoms such as chlorine, 
bromine and iodine atoms; alkanesulf onyloxy groups such 
as methanesulf onyloxy, ethanesulf onyloxy , isporopane- 
sulf onyloxy, propanesulf onyloxy , butanesulf onyloxy. 
tert-butanesulf onyloxy, pentanesulf onyloxy and hexane- 
sulf onyloxy; arylsulfonyloxy groups such as phenyl - 
sulfonyloxy, 4-methylphenylsulfonyloxy, 2-methylphenyl- 
sulf onyloxy, 4-nitrophenylsulf onyloxy , 4-methoxyphenyl- 
sulfonyloxy, 3-chlorophenylsulfonyloxy, a- or 8-naphthyl- 
sulfonyloxy and like substituted or unsubstituted 
15 arylsulfonyloxy groups; and aralkylsulfonyloxy groups 
such as benzylsulf onyloxy, 2-phenylethyl sulfonyloxy , 
4-phenylbutylsulf onyloxy, 4-methylbenzylsulf onyloxy , 
2-me thy lbenzylsulf onyloxy, 4-nittobenzylsulf onyloxy, 
4-methoxybenzylsulf onyloxy, 3-chlorobenzylsulf onyloxy , 
20 a- or B-naphthylmethyl sulfonyloxy and like substituted 
or unsubstituted aralkylsulfonyloxy groups. 

The aminocarboxylic acid represented by the 
formula (2) is prepared by reacting a known compound of 
the formula (6) with phthalimide (7) and hydrolyzing the 
25 resulting product- rpi .t^o- a- ~„ . . n 
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The compound of the formula (6) can be reacted 
with phthalimide (7) under the same conditions as used 
for the foregoing reaction of carboxylic acid halide 
with N-hydroxysuccinimide (5). 
5 The compound represented by the formula (8) 

and obtained as above is hydrolyzed in the absence of 
solvent or in a suitable solvent such *s water, methanol, 
ethanol, isopropanol or like alcohol, acetic acid or the 
like, by being subjected to the action of an acid or 

10 alkali. Examples of useful acids are hydrochloric acid, 
sulfuric acid and like mineral acids. Exemplary of 
useful alkalis are sodium hydroxide, potassium hydroxide, 
potassium carbonate, sodium carbonate, etc. The acid or 
alkali is used in an amount of at least 1 mole per mole 

15 of the compound of the formula (8). Usually it is used 
in an excessively larger amount. The reaction is 
conducted usually at room temperature to about 150°C, 
preferably about 50 to about 100°C, generally for about 
0.5 to about 24 hours. The hydrolysis reaction for 

20 converting the phthalimido group to an amino group can 
be conducted preferably in the same solvent as above 
under similar reaction conditions in the presence of 
at least an equimolar amount of hydrazine. 
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preparing the acid can be prepared also by the processes 
represented by the following equations-3 to -5. 
Equation -3 

,1 




M-CH 2 CO0R 
(9) 




(6)' 



reduction 



Cl^Cl^COOR 1 



(10) 



R 2 S0 2 X 1 
(12) 




CH 2 CH 2 CH 2 OB 



CH_CH 0 CH 0 X 



or halogenating agent / Z Z 

(6) M 

In the above equation, R 1 and X are as defined above, 

1 2 ' ' 

X is a halogen atom, R is lower alkyl , aryl or aralkyl , 

and M is a metal atom. 

In the above equation, examples of halogen 
10 atoms are chlorine, bromine, iodine and like atoms; 
examples of lower alkyl groups are straight-chain or 
branched chain alkyl groups having 1 to 6 carbon atoms, 
such as methyl, ethyl, propyl, isopropyl , butyl, pentyl 
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phenyl, 4-methylphenyl , 4-nitrophenyl , 2-methoxyphenyl , 
3-chlorophenyl and a- or g-naphthyl ; examples of aralkyl 
groups are benzyl, 2-phenylethyl , 4-phenylbutyl , 4- 
methylbenzyl and 4-nitrobenzyl ; and examples of metal 
5 atoms are lithium, sodium, potassium and like alkali 
metal atoms, magnesium and zinc atoms, etc. 

1UC oucyii i.ci;i.eaeuLeu uy me equation-j will 
be described below in detail. 

The reaction between a known compound of the 

10 formula (6) ' and a metallic enolate of acetic acid 

ester represented by the formula -(9) is conducted in a 
suitable solvent, such as THF, dime thoxyme thane, diglyme 
or like ether solvent; benzene, toluene, xylene or like 
aromatic hydrocarbon solvent; or DMF, DMSO, HMPA or like 

15 aprotic polar solvent, using about 1 to about 3 moles, 

preferably about 1 to about 1.5 moles, of the latter per 
mole of the former. The reaction is carried out at 
about -78 to about 50°C, preferably about -78 to about 
-30°C, for about 1 to about 5 hours, whereby a compound 

20 of the formula (10) is obtained. 

The compound of the formula (10) obtained is 
subjected to a reduction reaction under such conditions 
that the ester portion of the compound (10) is converted 
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carried out, for example, by hydrolyzing the compound (10) 
to the corresponding carboxylic acid, reacting the acid 
with methyl chlorof ornate, ethyl bromoformate, isobutyl 
chloroformate or like alkylhalocarboxylic acid in the 
5 presence of a basic compound to obtain a mixed acid 

anhydride and subsequently reducing the mixed anhydride. 
The hydrolysis reaction of the above process can be 
carried out with use of r b^sic catalyst, such as sodium 
hydroxide, potassium hydroxide or calcium hydroxide, or 

10 an acid catalyst, such as formic acid , trif luoroacetic 
acid, trichloroacetic acid, hydrogen chloride, hydrogen 
bromide, p-toluenesulf onic acid or camphor sulfonic acid. 
When the basic catalyst is used, the reaction is effected 
in water; methanol, ethanol , propanol, butanol or like 

15 alcohol; dioxane, THF, diglyme or like ether; or DMF, 

DMSO, HMPA or like aprotic polar solvent. When the acid 
catalyst is used, the reaction is conducted advantageously 
in methylene chloride, chloroform, trichloroethane or like 
hydrocarbon halide solvent. In either case, an excess of 

20 catalyst is usually used relative to the compound (10), 
and the reaction is carried out at about 20 to about 
100°C for about 1 to about 48 hours. To prepare a mixed 
acid anhydride, the carboxylic acid obtained in reacted 
with an alkylhalocarboxylic acid usually by the Schotten- 
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editions as already described- The mixed acid anhydride 
thus obtained is subsequently subjected, as contained in 
the reaction mixture without isolation, to a reduction 
reaction. This reduction reaction is carried out in a 
suitable solvent, such as water; methanol, ethanol , 
propanol or like alcohol; or ether, THF, diglyme or like 
ether solvent; in the presence of sodium borohydride, 
lithium borohydride of like reducing agent at about 0 
to about 50°C, preferably about 0 to about 20°C, usually 
for about 1 to about 12 hours. The reducing agent is 
used in an amount of about 1 to about 10 moles, preferably 
about 1 to about 3 moles, per mole of the mixed acid 
anhydride. The reaction affords an alcohol represented 
by the formula (11). 

The reaction between the alcohol of the formula 
(11) and a compound of the formula (12) is conducted in 
the presence of a basic compound in a suitable solvent. 
Examples of useful basic compounds are sodium hydroxide, 
potassium hydroxide, sodium carbonate, potassium 
carbonate, sodium hydrogen carbonate, potassium hydrogen 
carbonate, silver carbonate and like inorganic bases; 
sodium methylate, sodium ethylate and like alcoholates ; 
tr iethylamine , pyr idine , N , N-dimethylanil ine , N-me thyl- 
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7-ene (DBU) , 1 , 4-dia Z abicyclo[2 , 2 , 2 ]octane (DABCO) and 
like organic bases. Examples of suitable solvents are 
THF, dioxane, DME, diglyme and like ethers; benzene, 
toluene, xylene and like aromatic hydrocarbons; methylene 
chloride, chloroform, 1,1.2,2-tetrachloroethane and like 
hydrocarbon halides; etc. The compound (12) is used 
usually in an amount of about 1 to about 3 moles, 
Dreferablv about- 1 rr> 

*- -■- • -> m«A5s, }jcjl moie oi tne 

alcohol (11). The reaction is carried out usually at 
about 0 to about 50 °C. preferably about 0 to about 20»C, 
for about 1 to about 12 hours, whereby a compound 
represented by the formula (6)" is obtained. 

The compound represented by the formula (6)" 
is prepared also by reacting an alcohol (11) with a 
suitable halogenating agent such as thionyl chloride, 
phosphorus oxychloride, phosphorus oxybromide, phosphorus 
pentaoxide, phosphorus pentabromide or the like. This 
reaction is conducted in a suitable solvent such as 
dioxane, THF or like ether, or chloroform, methylene 
chloride or like hydrocarbon halide, using at least 
2 moles of the halogenating agent per mole of the 
alcohol (11). Usually the halogenating agent is used 
in an excessive amount. The reaction is conducted at 
room temperature to about 100°C, preferably room tern- 
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(A) 



M-CH 2 C00R 
(9) 



CH 2 CH 2 C00R J 



o- 



CH 2 CH 2 C00R 



(13) 



reduction 



CH 9 CH 9 C00R 




CH 2 CH 2 CH 2 0H 



(14) 



2 1 
R SO^X 

(12) 



or halogenating 
agent 



10 



CH 2 CH 2 C00R 




CH 2 CH 2 CH 2 X 



(15) 



CH 2 CH 2 C00H 




CH 2 CH 2 CH 2 NH 2 



(2)* 



112 

In the above equation, X , R , R , M and X are as defined 
above . 

In the equation-4, the reaction between a com- 
pound of the formula (A) and a compound of the formula 
(9) can be conducted under the same conditions as the 
reaction between the compound (6) and the compound (9) 
in the equation-3 . The compound (9) is used in an amount 
of about 2 to about 5 moles, preferably about 2 to about 
3 moles, per mole of the compound (A). 
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of the formula (14) with a compound of the formula (A) 
or with a halogenating agent can be carried out in the 
same manner as the corresponding steps shown in the 
equation- 3 . 

Further a compound of the formula (2) f is 
prepared from a compound of the formula (15) in the 
same manner as the preparation of the compound (2) 
from the compound (6) shown in the equation-2. 

The desired compound can be obtained with 
a prolonged alkylene chain from the process of the 
equation-3, as well as of the equation-4, by suitably 
selecting the starting material or by repeating the 
reactions described by the equation. 
Equation -5 



CH 2 CH 2 0H 




oxidation 



CH 2 CH0 




(16) 



(17) 



(C 6 H 5 ) 3 PCHCOOR 
(18) 



CH=CHCH 2 C00R 




NO, 



reduction 



(19) 
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hydrolysis 




CH_Cw CH„C00H 



5 



(20) ( 
In the above equation, R^" is as defined above. 



(2) 



The oxidation reaction of a compound of the 



fu-nuul<a (16) it> uuiidu-Lzttsd Usually jlii a solvent with 



use of a suitable oxidizing agent. Examples of useful 
oxidizing agents are DMSO-acetic anhydride, DMS0- 

10 trif luoroacetic acid, DMSO-oxalyl chloride, DMS0-N,N f - 
dicyclohexylcarbodiiTni.de, - pyridinium chlorochromate, 
pyridinium dichr ornate, etc. Examples of useful solvents 
are benzene, toluene, xylene and like aromatic hydro- 
carbons and methylene chloride, chloroform and like 

15 hydrocarbon halides. The oxidizing agent is used in an 
amount of about 1 to about 5 moles, preferably about 1 
to about 3 moles, per mole of the compound of the 
formula (16). The reaction is conducted usually at 
about 0 to about 50°C, preferably about 0 to 20°C, 

20 generally for about 5 to about 12 hours, whereby a 
compound of the formula (17) is obtained. 



The reaction between the resulting compound 



of the formula (17) and a compound of the formula (18) 
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toluene, xylene or like aromatic hydrocarbon, methylene 
chloride, chloroform or like hydrocarbon halide or DMF, 
DMSO, HMPA or like aprotic polar solvent. Usually about 
1 to about 5 moles , preferably about 1 to about 3 moles 
5 of the compound of the formula (18) is used per mole of 
the compound of the formula (17). The reaction is 
carried out at about 20 to about 100°C, preferably 
about 20 to about 50° C, for about 5 to about 12 hours, 
whereby a compound of the formula (19) is obtained. 

10 The compound of the formula (19) is subjected 

to a reduction reaction generally in hydrogen atmosphere 
in methanol, ethanol , propanol, butanol or like alcoholic 
solvent, using a reducing catalyst such as 5Z palladium- 
carbon or 10Z palladium-carbon. Usually about 50 mg to 

15 about 1 g, preferably about 50 to about 200 mg, of the 

catalyst is used per gram of the compound of the formula 
(19). The reaction is completed in about 12 to about 
72 hours at about 0 to about 50°C, preferably about 0 
to about 30°C. 

20 The compound of the formula (20) thus obtained 

is hydrolyzed under the same conditions as the compound 
of the formula (10) shown in the equation-3, whereby the 
desired compound represented by the formula (2)" is 
obtained. 
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of each of the foregoing equations can be easily 
isolated and purified by a usual separating method 
such as precipitation, extraction, recrystallization, 
column chromatography, preparative thin-layer chromato- 
5 graphy or the like. 

The f ibrin-adsorbable protein, namely, the 
plasmin HC, useful for the present invention can be 
prepared, for example, by the method disclosed in 
Eur. J- Biochem. , JT7, 441 (1975) or the like. 

10 The plasmin HC has at least one mercapto group resulting 
from partial reduction of plasmin. The urokinase to be 
used in this invention is not limited particularly but 
can be any of those heretofore known, such as low- 
molecular -weight urokinase (LMW-UK) having an average 

15 molecular weight of 32,000, high-molecular-weight 

urokinase (HMW-UK) having an average molecular weight 
of 54,000, etc. (Biochmis try , _5, 2160 (1966). 

According to the present invention, the 
coupling reaction between the f ibrin-adsorbable protein 

20 and urokinase is carried out, for example, in an aqueous 
solution, physiological saline or usual buffer having a 
pH of 4 to 10, preferably in a buffer having a pH of 6 
to 8, at 0 to 40°C, preferably around room temperature. 
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minutes to about 24 hours ♦ The buffer to be used can 
be any of those heretofore known and not containing 
ammonia or amino group. 

The proportions of the f ibrin-adsorbable 
5 protein, urokinase and the protein coupling reagent of 
the formula (1) to be subjected to the coupling reaction 
are suitably determined. Usually about 0.3 to about 
4 moles, preferably about 0.5 to about 2 moles, of the 
f ibrin-adsorbable protein and- usually about 1 to about 
10 50 moles, preferably about 3 to about 20, moles, of the 

protein coupling reagent are used per mole of urokinase. 

The 'complex thus prepared by the process of 
the invention consists essentially of 1 to 5 moles, 
preferably about 1 mole, of urokinase and 1 mole of 
15 the f ibrin-adsorbable protein as coupled therewith. 

After the coupling reaction, the complex can be easily 
isolated and purified by a usual method such as dialysis, 
gel filtration, fractional precipitation or affinity 
chromatography. The complex can be preserved when 
20 freeze-dried by the usual method. 

The complex obtained by the present process 
is adsorbable by fibrin, has urokinase activity and is 
effective as a thrombolytic agent for treating thrombosis 
For use as a thrombolytic agent, the complex is 
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usual pharmaceutical ly acceptable, non-toxic carriers. 
Examples of useful carriers are those usually used for 
preparing medicinal compositions in the desired form, 
such as diluents and excipients including filler, 
extender, binder, wetting agent, disintegrator, 
surfactant, glazing agent, etc. 

The thrombolytic compositions can be in any of 
various dosage forms in accordance with the contemplated 
purpose of treatment. Typically they are in the form 
of tablets, pills, powders solutions , suspensions, 
emulsions, granules, capsules, suppositories, injections 
(solutions, suspensions, etc.). 

While the thrombolytic agent can be 
administered in a suitable form determined according 
to the therapeutic purpose, it is used usually as an 
injection which is sterilized by the usual method and 
preferably made isotonic with the blood. The injection 
can be prepared with use of various diluents which are 
generally used in the art and which include, for example, 
water and saline. In this case, the injection may 
contain common salt, glucose or glycerin in an amount 
sufficient to form an isotonic solution. The thrombolytic 
compositions may have incorporated therein a usual 

sweetener, other drug, etc. 
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Although the amount of the present complex 
to be contained in the thrombolytic compositions is not 
limited particularly but is suitably variable over a 
wide range, it is usually about 0,01 to about 30Z by 
weight of the whole composition. 

The thrombolytic compositions are not 
specifically limited in the mode of administration but 
can be given by a suitable method in accordance with 
the particular form "of the composition. For example, 
tablets, pills, solutions, suspensions, emulsions, 
granules and capsules are administered orally. 
Suppositories are given to the rectum. The thrombolytic 
composition in the form of an injection is given 
intravenously, singly or as admixed with a glucose, 
amino acid or like parenteral solution. The dose for 
human patients, which is suitably determined according 
to the purpose, symptoms, etc., is usually about 1,000 
to about 500,000 units/kg body weight/day calculated as 
the effective component, i.e., f ibrin-ads orb able protein- 
urokinase complex. The composition may be given in two 
to four divided doses daily. 

Given below are reference examples illustrating 
preparation of f ibrin-adsorbable protein, urokinase and 
protein coupling reagent useful for the present invention 
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further examples In which some of the complexes were 
pharmacologically tested. The present complex was 
tested for various activities and other properties 
by the following methods. 
5 Determination of urokinase activity 

(1) Synthetic substrate method (Amidolytic activity 
of urokinase) 

A sample of urokinase is diluted to a suitable 
concentration with an -aqueous solution containing 0.1 5M 
10 NaCl and 5 g/liter polyethylene glycol ("PEG 6000 n , 
product of Wako Junyaku Co., Ltd., Japan). A 800 ]il 
quantity of 0.05M Tris-HCl buffer (pH=8.4) containing 
0.1M NaCl is added to a 100 Ml portion of the dilution, 
and the mixture is heated to 3 7°C for 1 minute. 
15 A 100 p& quantity of a liquid prepared by adding 0.3 uM 
of substrate S-2444 (PyroGlu-Gly-Arg-p-Nitroanilide, 
product of AB kabi, Stockholm, Sweden) to the same 
buffer as above is added to the above mixture, and the 
resulting mixture is incubated at 37°C for 2 minutes. 
20 A 100 p£ of 50Z aqueous solution of acetic acid is 
added to the mixture to terminate the reaction, and 
the absorbance of the mixture is measured at 405 nm. 
The same procedure as above is repeated with use of 
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activity was expressed in International Units against 
the Japanese Urokinase Standard MM003. 

(2) Standard fibrin plate methods (Fibrinolytic activity 
of urokinase) 

5 A method: To 6 ml of 0.05M Veronal buffer (pH=8.0) 

containing 0.3Z bovine fibrinogen (product of Poviet 
Production B.V # , Amsterdam, Holland) and 0.1M NaCl are 
added fin^l fK 0?M HpHI _ anrl -Final 1 wttj „«i>r/*i ^ 

bovine thrombin, (product of Mochida Pharmaceutical Co,, 
10 Ltd., Japan). The mixture is stirred and then scattered 
over a dish (8.5 cm in inside diameter) to prepare a 
fibrin plate. A 10 y£ quantity of urokinase sample 
prepared by dissolving 0.1Z rabbit serum albumin (product 
of Sigma Chemical Company, U.S.A.) in the same buffer as 
15 above is spotted on the fibrin plate, which is then 

incubated at 37°C for 16 hours. The diameter of lysis 
zone is thereafter measured. 

B method: Two grams of fibrinogen (Fraction I; Sigma 
Chemical Company) is dissolved in 200 ml of 0.1M 
20 phosphate buffer (pH=7.2). One vial (1000 units) of 

bovine thrombin (product of Mochida Pharmaceutical Co., 
Ltd.) is dissolved in 200 ml of the same buffer as above, 
a 21 ml portion of the solution is added to a 21 ml 
portion of the fibrinogen solution, and the mixture 
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as in the A method is thereafter repeated except that 
bovine serum albumin (BSA) is used in place of rabbit 
serum albumin to determine the fibrinolytic activity of 
the sample in terms of the diameter of lysis zone, 

5 Quantitative determination of SH group 

To 100 y£ of deoxygenated sample is added 
1 ml of doxygenated 0.2M Tris-HCl buffer (pH=8.2). 
To the mixture is added 100 ui of 0.01M 5, 5* -dithiobis- 
(2-nitrobenzoic acid) in deoxygenated methanol, the 

0 resulting mixture is stirred and then allowed to stand 
at room temperature for about 30 minutes, and the 
absorbance thereof is measured at 412 ran. The SH content 
of the sample was calculated using 2-mercaptoethanol as 
a standard. 

5 Quantative determination of m-maleimidobenzoyl group 
(MB group) 

To 100 vA of deoxygenated sample is added 
25 yA (35 nmol) of deoxygenated aqueous solution of. 
2-mercaptoethanol , and the mixture is incubated at 3 7°C 
0 for 20 minutes. The same procedure as followed for the 
quantitative determination of SH content was thereafter 
repeated to determine the remaining 2-mercaptoethanol 
content and calculate the MB group content of the sample. 
SDS polyacrylamide gel electrophoresis (SDS-FAGE) 
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amount of 0.02M Tris-HCl buffer (pH=8.0) containing 40Z 
glycerol and 21 SDS (sodium dodecyl sulfonate), and the 
mixture is heated at 100°C for 2 minutes. The mixture 
is subjected to electrophoresis using 12. 51 running gel 
and 4Z stacking gel according to the method of U.K. 
Laemmli et al (Nature (London), 227, 680 (1970)) or 
using Gradient Gel/PAA 4/30 (product of Pharmacia Fine 
Chemicals, Sweden). The mixture was thereafrer dyed 
with Coomassie Brilliant Blue R-250 (C.B.B.), and 
the molecular weight was measured using a standard 
protein (Electrophoresis Calibration Kit, product of 
Pharmacia Fine Chemicals). 

Reference Example 1 
Preparation of plasmin HC 

(1) Plasmin HC was prepared by the method of 
E.E. Rickli et al (Eur. J. Biochem. , 59, 441 (1975)). 
A 150 mg of pure plasminogen obtained from human blood 
according to the method of B.A.K. Chibber et al. 
(Methods in Enzymology, 34, 424 (1974)) was dissolved 
in 0.05M Tris-HCl butter (pH-7.8) containing 0.1M NaCl 
and 25Z glycerol, about 3,000 units of urokinase 
(product of Japan Chemical Research Co., Ltd., Japan) 
was added to the solution, and the mixture was incubated 
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of 1,500 units of the same urokinase as above. The 
solution was deoxygenated by three cycles of vacuum- 
bleeding in nitrogen, 2-mercaptoethanol was added to 
the solution to a final concentration of 0.1M, and the 
5 solution was allowed to stand at 20°C for 20 minutes. 
The solution was then cooled with ice and applied to 
a lysine-Sepharose column (5 cm in diameter and 10 cm 
in length) fully equilibrated with deoxygenated 0.01M 
sodium phosphate buffer (pH=7.2) containing 0.15M NaCl, 

10 0.01M EDTA and 0.001M 2-mercaptoethanol. The column - 
was then washed with about 1 liter of the same buffer 
solution, followed by elution with the same buffer as 
above which further contained 0.05M of 6-aminohexanoic 
acid. The fraction having a peak absorbance at 280 nm 

15 was collected and concentrated with use of Diaflo 
ultrafiltration membrane PM-10 (product of Amicon 
Corporation, U.S.A.) with application of nitrogen 
pressure. The same buffer as above (but not containing 
2-mercaptoethanol) was added to the concentrate, and 

20 the mixture was concentrated again. This procedure was 
repeated several times to obtain 2-mercap toethanol-f ree 
solution containing about 60 mg of plasmin HC, which was 
then deoxygenated and preserved at -80°C. The product 
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human blood was dissolved in 60 ml of 0.05M Tris-HCl 
buffer (pH=7.8) containing 0.1M NaCl and 251 glycerol, 
about 18,000 units of urokinase was added to the 
solution, and the mixture was incubated at 25°C for 
5 8 hours. The mixture was further incubated at 25°C 

for 16 hours with addition of 9,000 units of urokinase. 
To the resulting solution was added a solution of 34 tag 
of p-nitrorjhsn vl — t>— jmanidiriohf** -1 **** ii~<* Vi -mi mo^i ^-r- ■? ^ ^ -r _ 
0.4 ml of DMF, and the combined solution was stirred at 

10 37°C for 10 minutes. The solution was deoxygenated by 

three cycles of vacuum-bleeding in nitrogen, 2-mercapto- 
, ethanol was added to the solution to a final con- 
centration of 0.1M, and the solution was stirred at 
20°C for 20 minutes. The solution was then cooled with 

15 ice and passed through a lysine-Sepharose column (5 cm 
in diameter and 15 cm in length) fully equilibrated 
with deoxygenated 0.01M sodium phosphate buffer (pH=7.2) 
containing 0.2M NaCl, 0.01M EDTA and 0.001M 2-mercapto- 
ethanol . The column was then washed with the same buffer 

20 and thereafter with 0.01M sodium phosphate buffer (pH«7.2) 
containing 0.001M 6-aminohexanoic acid, 0.15M NaCl, 0.01M 
EDTA and 0.001M 2-mercaptoethanol , followed by elution 
with the same buffer containing 0.003M 6-aminohexanoic 
acid. The fraction having a peak absorbance at 280 nm 
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Diaflo ultrafiltration membrane PM-10 with application 
of nitrogen pressure. The concentrate was passed through 
a Sephadex G-25 column (5 cm in diameter and 20 cm in 
length) which had been brought to full equilibrium with 
5 deoxygenated 0.01M sodium phosphate buffer (pH=7.2) 

containing 0.1 5M NaCl and 0.01M EDTA, followed by elution 
with the same buffer. The fraction having a peak 
absorbance at 280 run was collected and concentrated by 
Diaflo ultrafiltration membrane PM-10 with application 
10 of nitrogen pressure, giving about 100 mg of plasmin HC, 
which was found to contain* about 5 moles of SH groups 
per mole. 

Reference Example 2 
Preparation of protein coupling reagents 
15 (1) Preparation of (2S) -3-benzylthio-2-maleimidopropionic 
acid succinimide ester (reagent 1) 

According to the method of 0. Keller and 
J. Rudinger (Helv. Chim. Acta., .58, 531 (1975)), 6.2 g 
(40 mmols) of N-me thoxycarbonylmaleimide was added at 
20 0°C to a solution of 8.44 g (40 mmols)of S-benzyl-L- 
cysteine in a mixture of 200 ml of saturated aqueous 
solution of sodium hydrogen carbonate and 100 ml of THF. 
tv.o rrp'vrnro yq^ ^rirrod for 10 minutes and then diluted 
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and subsequently at 40°C for 30 minutes, neutralized 
with concentrated sulfuric acid and thereafter con- 
centrated to about 200 ml in a vacuum. The concentrate 
was subjected to extraction with ethyl acetate, and the 
extract was dried over anhydrous sodium sulfate (Na2S0^) 
and concentrated to give a white solid. The product 
was subjected to silica gel chromatography (90:10:5 
chloroform-ethyl acetate-acetic acid to 40:60:5 
chloroform-ethyl acetate-acetic acid), giving 2.29 g 
of (2S) -3-benzylthio-2-maleimidopropionic acid. 
M.p.: 86-87°C. 

With 2.29 g (7.87 mmols) of this acid were 
mixed 995 mg (8.67 mmols) of N-hydroxysuccinimide and 
40 ml of dime thoxye thane (DME) . To this mixture was 
added 1.79 g (8.67 mmols) of dicyclohexylcarbodiimide 
(DCC) at 0°C in argon atmosphere. The reaction mixture 
was stirred at 0°C for 1 hour and then at room tem- 
perature for 3 hours and was thereafter cooled to 0°C. 
With addition of several drops of acetic acid, the 
mixture was further stirred for 1 hour. After removing 
the insolubles from the mixture by filtration, the 
filtrate was concentrated in a vacuum and then subjected 
to silica gel column chromatography (95:5 methylene 
'• 1 - : 1 - . ♦ v. i • - o *- so* ?0 mefhvlenp rhl or ide-ethvl 

mentioned compound ^reagent jl j . 
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M.p. : 133-134°C (methylene chloride-ether) 
IR (KBr) : 1832, 1800, 1755, 1724 cm -1 
^-NMR (CDC1 3 , 90MHz): 

5 ppm = 2.70 (s, 4H), 3.14 (m, 2H) , 
5 3.60 (s, 2H), 4.97 (m, 1H) , 

6.63 (s, 2H), 7.17 (s, 5H) 
MS (m/z) = 388 (M + ) 

Found (Z): C55.90 H4.03 N7.39 

Calcd. for C l8 H l6 0 6 N 2 S (Z): C55.66 H4.15 N7.21 
10 (2) Preparation of C + )-4-ethylthio-2-maleimidobutyric 
acid succinimide ester (reagent 2) 

The above compound was prepared in the same 
manner as in the procedure (1) from (+)-ethionine by 
way of (+)-4-ethylthio-2-maleimidobutyric acid. 
15 M.p. : 57-59°C (methylene chloride-ether) 
IR (KBr): 1838, 1800, 1752, 1725 cm" 1 
■"•H-NMR (CDC1 3 , 90MHz): 

<5 ppm = 1.20 (t, J=6.6Hz, 3H) , 

2.26-2.66 (m, 6H) , 2.74 (s, 4H) , 
20 5.21 (m, 1H), 6.68 (s, 2H) 

MS (m/z) = 340 (M + ) 
Found: m/z = 340.0736 

Calcd. for C^H^O^ : m = 340.07290 
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According to the method of M.P. Cava, A. A. 
Deana, K.Muth and M.J. Mitchell (Org. Synth., Coll. 
Vol. 5, 944 (1973)), 40 ml of a solution of 10 g 
(66.2 mmols) of 4-aminophenylacetic acid in DMF was 
5 added to 15 ml of a solution of 7.14 g (72.8 mmols) of 
maleic anhydride in DMF at room temperature in argon 
atmosphere. The reaction mixture was stirred at room 
temperature for 3 hours and then diluted with 250 ml 

of ether -benzene (1:1). The resuLting precipitate was 
10 filtered off, with which 2.87 g (35 mmols) of sodium 
acetate and 70 ml of acetic anhydride were admixed. 
The mixture was stirred at 100°C for 1 hour in argon 
atmosphere and concentrated in a vacuum. The residue 
was diluted with 300 ml of ethyl acetate. The ethyl 
15 acetate layer was washed with saturated sodium chloride 
aqueous solution, dried over Na^SO^, concentrated and 
thereafter subjected to silica gel column chromatography 
(90:10:5 chloroform-ethyl acetate-acetic acid to 50:50:5 
chloroform-ethyl acetate-acetic acid), giving 8.72 g 
20 (yield 57Z) of (4-maleimidophenyl) acetic acid in the 
form of a white solid. 

A 2.31 g (10 mmols) portion of the acid product 
thus obtained was admixed with 1.15 g (10 mmols) of 
N-hydroxysuccinimide and 30 ml of DME. To the mixture 



01 09653 



10 



- 40 - 

atmosphere, the mixture was stirred at 0°C for 4 hours, 
the insolubles were filtered off, and the filtrate was 
concentrated and then subjected to silica gel column 
chromatography (80:20 chloroform-ethyl acetate) to give 
2-85 g (yield 8 7Z) of the first-mentioned compound 
(reagent 3) . 

M.p. : 153-1 54°C (methylene chloride-ether) 

(4) Preparation of ( 2-maleiTni dophenyl) acetic acid 
succinimide ester (reagent 4) 

Using appropriate starting material, the 
above compound (reagent 4) was prepared following the 
procedure of' (3). 

M.p. : 158-159°C (methylene chloride-ether) 

(5) Preparation of ( 3-maleimi dophenyl) acetic acid 
15 succinimide ester (reagent 5) 

Using appropriate starting material, the 
above compound (reagent 5) was prepared following the 
procedure of (3). 

M.p. : 150-151°C (methylene chloride-ether) 

20 (6) Preparation of 4-maleimidomethy lbenzoic acid 
succinimide ester (reagent 6) 

To a suspension of 3 7 g (0.2 mol) of potassium 
nhthalimide in 200 ml of DMF was added 50 ml of a 
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reaction mixture was stirred at 90»C for 3 hours, then 
cooled to room temperature and poured into 400 ml of 
ice-water, followed by extraction with benzene-ether 
(1:1). The organic layer was washed with saturated 
aqueous solution of sodium chloride, dried over 
Na 2 S0 4 and concentrated, giving 24.9 g (yield 95Z) 
Q f 4-phthalimidomethylbenzonitrile . 

Next, 26.0 g (99 mmols) of 4-phthalimido- 
me thylbenzonitrile prepared in the same manner as above 
was admixed with 6.32 ml (0.129 mol) of hydrazine hydrate 
and 300 ml of methanol. The mixture was refluxed for 
1 hour, cooled to room temperature and concentrated. 
The residue was dissolved in 300 ml of 1 mol dm" 3 NaOH, 
followed by extraction with ether. The ethereal layer 
was washed with saturated aqueous solution of sodium 
chloride, dryed over MgS0 4 and concentrated, affording 
11.8 g (yield 90Z) of 4-aminomethylbenzonitrile. 

A 11.2 g (86.2 mmols) portion of 4-aminomethyl- 
benzonitrile was admixed with 86.2 ml of aqueous solution 
of 3 mol dnf 3 KOH and 100 ml of THF. The mixture was 
refluxed in argon atmosphere for 24 hour, cooled to 
room temperature and then concentrated to about 100 ml. 
The concentrate was neutralized with concentrated hydro- 
. i ? *v, ,. . ,rMiHn(> whi^ crystals were 



benzoic acid. 
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A 3.02 g (20 mmols) portion of 4-aminomethyl- 
benzoic acid was admixed with 100 ml of saturated aqueous 
solution of NaHC0 3 , and 3 . 1 g (20 mmols) of methoxy- 
carbonylmaleimide was added to the mixture at 0°C. 
After stirring the mixture at 0° for 10 minutes, 200 ml 
of water was added thereto. The mixture was then stirred 
at 30* C for 1 hour and thereafter adjusted to a pH of 2 
with concentrated sulfuric acid, followed by extraction 
with ethyl acetate. The organic layer was washed with 
saturated aqueous solution of sodium chloride, dried over 
Na 2 S0 4 and concentrated, affording 3.18 g (yield 87Z) of 
crude 4-maleimidomethylbenzoic acid. 

To a 2.49 g (10.8 mmols) portion of the crude 
product were added 1.61 g (14.0 mmols) of N-hydroxy- 
15 succinimide and 50 ml of DME. To the mixture was 

further added 2.88 g (14.0 mmols) of DCC at 0°C. The 
reaction mixture was stirred at 0°C for 1 hour and then 
at room temperature for 3 hours. After cooling the 
mixture to 0°C, several drops of acetic acid were added 
thereto, followed by stirring at 0°C for 1 hour and 
removal of the insolubles by filtration. The filtrate 
was concentrated and then subjected to silica gel column 
chromatography (70:30 chloroform-ethyl acetate) to obtain 



20 
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M.p. : 191-193°C (methylene chloride-ether). 

(7) Preparation of 3-maleimidomethylbenzoic acid 
succinimide ester (reagent 7) 

Using appropriate starting material, the 
5 above compound (reagent 7) was obtained following the 
procedure of (6). 

M.p. : 132-134°C (methylene chloride-ether) 

(8) Preparation of 4- (3-maleimidopropyl)benzoic acid 
succinimide ester (reagent 8) 

10 To a mixture of 10.2 ml (73 tmnols) of diiso- 

propylamine and 35 ml of THF was added 27.5 ml (66 ramols) 

-3 

of hexane solution (2.4 mol dm solution) of butyl 
lithium at 0°C in argon atmosphere, and the mixture was 
stirred for 15 minutes and then cooled to -78 °C. With 

15 addition of 20 ml of a solution of 8.07 ml (60 mmols) 
of t-butyl acetate in THF, the mixture was stirred for 
30 minutes. Subsequently 30 ml of THF solution of 9.8 g 
(50 mmols) of a-bromo-p-tolunitrile was added. After 
stirring the mixture at -78°C for 1 hour, 20 ml of 

20 saturated aqueous solution of NH^Cl was added to the 
mixture. The resulting mixture was heated to room 
temperature and diluted with 100 ml of water, followed 
bv extraction with ether. The extract was dried over 
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hexane-ethyl acetate to 60:40 hexane-ethyl acetate), 
giving 9.8 g (yield 85Z) of 4-(2-t-butoxycarbonylethyl)- 
benzonitrile in the form of an oil. 

A 2.31 g portion of 4- (2-t-butoxycarbonylethyl) - 
benzonitrile was admixed with 3 ml of trifluoroacetic 
acid and 30 ml of methylene chloride. The mixture was 
stirred at room temperature for 13 hours and concentrated. 
The resulting concentrate was subjected to azeotropic 
distillation with use of toluene, giving 1.75 g (yield 
100Z) of crude 4-(2-hydroxycarbonylethyl)benzonitrile. 
This compound was used for the subsequent reaction 
without purification. 

A 3.27 g (18.7 mmols) quantity of crude 
4-(2-hydroxycarbonylethyl)benzonitrile was admixed with 
2.86 ml (20.6 mmols) of triethylamine and 40 ml of THF. 
To the mixture was added 1.96 ml (20.5 mmols) of ethyl 
chloroformate at 0°C. After stirring the reaction 
mixture at room temperature for 3 hours, the insolubles 
were filtered off. The filtrate was concentrated to 
give a yellow oil, which was then diluted with 100 ml 
of benzene. The benzene layer was washed with 
saturated aqueous solution of NaHCOg, dried over Na 2 S0 4 
and concentrated to obtain a yell low oil. This oil was 
dissolved in 40 ml of THF-water (8:2). To the solution 
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reaction mixture was stirred at 0°C for 2 hours and 
then poured into 100 ml of 3 mol dm" 3 HC1 , followed by 
extraction with ethyl acetate. The extract was dried 
over Na 2 S0 4 and concentrated, giving 2.71 g (yield 90Z) 
of 4-(3-hydroxypropyl)benzonitrile in the form of an oil, 

A 16.1 g (0.1 mol) quantity of 4-(3-hydroxy- 
propyl)benzonitrile was admixed with 27.8 ml (0.2 mol) 
of triethylamine and 300 ml of methylene chloride. 
To the mixture was added 15.5 ml (0.2 mol) of methane- 
sulfonyl chloride at 0°C. The reaction mixture was 
stirred at room temperature for 12 hours and then con- 
centrated. The concentrate was -diluted with 500 ml of 
benzene, and washed with saturated aqueous solution of 
sodium chloride. The washed dilution was dried over 
Na 2 S0 4 and concentrated, giving 24.0 g (yield 100Z) of 

crude 4-(3-mesyloxypropyl)benzonitrile in the form of 
an oil. 

To 100 ml of DMF suspension of 21.1 g 
(0.114 mol) of potassium phthalimide was added 50 ml 
of DMF solution of 13.6 g (57 mmols) of crude 4-(3- 
mesyloxypropyDbenzonitrile. The reaction mixture 
was stirred at 90°C for 3 hours, then cooled to room 
temperature and poured into 200 ml of ice-water, followed 
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14.0 g (yield 85Z) of 4-(3-phthalimidopropyl)benzonitrile. 
M.p. : 138-140°C 

To a 10 g (30 mmols) portion of 4-(3- 
phthalimidopropyl)benzonitrile were added 1.89 ml 
(39 mmols) of hydrazine hydrate and 130 ml of methanol, 
and the mixture was refluxed for 3 hours, cooled to 
room temperature and then concentrated. The residue 
was dissolved in 200 ml of 1 mol dm' 3 NaOH, followed 
by extraction- with ether. The extract was dried over 
K 2 C0 3 and concentrated, giving 4.32 g (yield 90Z) of 
4-(3-aminopropyl)benzonitrile. 

M.p. : 72-74°C 

A 5.34 g quantity of 4- (3-aminopropyl) - 
benzonitrile thus obtained was mixed with 30 ml of 
3 mol dm" 3 KOH and 30 ml of ethanol, and the mixture 
was refluxed for 24 hours, cooled to room temperature 
and then concentrated to remove a major portion of the 
ethanol. The aqueous layer was neutralized with con- 
centrated hydrochloric acid. The precipitate separating 
out was filtered off, giving 4.36 g (yield 731) of 4- 
(3-aminopropyl)benzoic acid. This compound was used 
for the subsequent reaction without purification. 

A 900 mg (5 mmols) portion of 4- (3-aminopropyl) - 
benzoic acid was dissolved in saturated aqueous solution 
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10 



15 



20 



(5 mmols) of methoxycarbonylmaleimide was added at 0°C. 
The mixture was stirred at 0°C for 10 minutes and then 
diluted with 50 ml of water. The dilution was stirred 
at 30°C for 1 hour and then subjected to after treatment 
in the usual manner, giving 907 g (yield 70Z) of crude 
4- (3-maleimidopropyl)benzoic acid. 

A 3.86 g (14.9 mmols) portion of this crude 
product was admixed with 2.23 g (19.4 mmols) of 
N-hydroxysuccinimide, 3.97 g (19.4 mmols) of DCC and 
100 ml of DME. The mixture was stirred at 0°C for 
1 hour and then at room temperature for 3 hours. The 
mixture was aftertreated in the usual manner to obtain, 
a white solid, which was subjected to silica gel column 
chromatography (90:10 chloroform-ethyl acetate) to give 
4.77 g (yield 90Z) of 4- (3-maleimidopropyl)benzoic acid 
succinimide ester (reagent 8). 

M.P : 122-1 24°C (methylene chloride-ether) 
(9) Preparation of 3- (3-maleimidopropyl) benzoic acid 
succinimide ester (reagent 9) 

Using appropriate starting material, the 
above compound (reagent 9) was prepared following the 
procedure of (8) . 

M.p. : 148-149°C (methylene chloride-ether) 



MO") P t- o -n .-, -r i • - ^ r 



■ 1 j . 
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To a mixture of 200 ml of THF and 44 ml 
(0-315 mol) of diisopropylamine was added 168 ml 
(286 mmols) of hexane solution of 1.70 mol dm butyl 
lithium at 0°C. The mixture was stirred at 0°C for 
5 10 minutes and then cooled to -78°C. To the mixture 

was added 35 ml (260 mmols) of t-butyl acetate, followed 
by stirring for 1 hour. To the lithium enolate thus 
formed was added 300 ml of THF solution of 26.4 g 
(0.1 mol) of <x,a'-dibromo-p-xylene. The reaction mixture 
1Q was stirred at -78°C to room temperature for 12 hours, 
and 100 ml of saturated aqueous solution of oxalic acid 
was thereafter added thereto. The organic layer was 
separated off and subjected to extraction with ether. 
The organic layer was dried over MgS0 4 and concentrated 
15 to obtain an oil, which was then subjected to silica gel 
column chromatography (90:10 hexane-ether) , affording 
25.0 g (yield 75Z) of t-butyl 3-[4-(2-t-butoxycarbonyl- 
ethyl) phenyl] propionate in the form of an oil. 

A 18.0 g (54 mmols) portion of this product 
20 was admixed with 2.05 g (54 mmols) of LiAlH^ and 100 ml 
of THF, and the mixture was stirred at 0°C for 1 hour 
and diluted with 200 ml of ether. Subsequently 10 ml 
of 1 mol dm" 3 NaOH was added to the dilution. After 
removing the insolubles by filtration, the filtrate was 
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to silica gel column chromatography (80:20 hexane-ethyl 
acetate), giving 7.70 g (yield 54Z) of t-butyl 3-[4- 
(3-hydroxypropyl)phenyl]propionate in the form of an oil. 

With a 4.82 g (18.3 mmols) portion of t-butyl 
5 3-[4-(3-hydroxypropyl)phenyl]propionate were admixed 
5.09 ml (3 6.6 mmols) of triethylamine , 2.84 ml 
(36.6 mmols) of methanesulf onyl chloride and 50 ml of 
methylene chloride. The mixture was stirred at room 
temperature for 12 hours, concentrated and then diluted 

10 with benzene. The benzene layer was washed with 

saturated aqueous solution of NaCl f dried over Na^SO^ 
and concentrated, giving 6.29 g (yield 100Z) of t-butyl 
3-C 4- (3-mesyloxypropyl) phenyl] propionate in the form 
of an oil. This product was used for the subsequent 

15 reaction without purification. 

With this product were admixed 6.77 g 
(36.6 mmols) of potassium phthalimide and 100 ml of DMF. 
The mixture was stirred at 90°C for 3 hours, then poured 
into ice water and thereafter subjected to extraction 

20 with benzene-ether (1:1). The extract was dried over 

Na^SO^ and concentrated to give a yellow oil, which was 
subjected to silica gel column chromatography (97:3 
benzrne-Pthvl acetatp) . p-ivinp 'S 7S p fvpild ROD of 
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With 6.88 g (17.5 mmols) of t-butyl 3-[4- 
(3-phthalimidopropyl) phenyl] propionate were admixed 
1.10 ml (22.8 mmols) of hydrazine hydrate and 50 ml 
of methanol. The mixture was refluxed for 1 hour, 
cooled to room temperature and then concentrated. 
The concentrate was dissolved in 200 ml of 1 mol dm 
NaOH, followed by extraction with ether. The extract 

was dried over K 2 C0 3 and concent:rat:ed Co S ive S 
(yield 90Z) of t-butyl 3-[4-(3-aminopropyl)phenyl]- 

propionate in the form of an oil. 

With this product were admixed 6 ml of 

trifluoroacetic acid and 50 ml of methylene chloride, 

and the mixture was stirred at room temperature for 

48 hours and concentrated. The concentrate was subjected 

to azeotropic distillation with use of toluene. To the 

residue obtained were added 30 ml of ethanol and 18 ml of 

3 mol dm" 3 KOH, and the mixture was refluxed for 24 hours 

cooled to room temperature and then concentrated to 

remove the ethanol. The aqueous layer was neutralized 

with concentrated hydrochloric acid and thereafter 

concentrated to give 3.42 g of crude 3-[ 4- (3-aminopropyl) 

phenyl] propionic acid. This crude compound was used for 

the subsequent reaction without purification. 

r^iq rmdv product was made into saturated 
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2.64 g (17.5 mmols) of methoxycarbony lmaleimide at 0°C. 
The mixture was stirred at 0"C for 10 minutes, then 
diluted with 180 ml of water, stirred at 30°C for 1 hour 
and adjusted to a pH of 2 with concentrated sulfuric 
5 acid. This was followed by extraction with ethyl acetate. 
The extract was washed with saturated aqueous solution of 
NaCl, then dried over Na^O^ and concentrated, giving 
3.16 g (yield 70Z) of 3-£4- (3-maleimidopropyl)phenyl]- 
propionic acid. 

10 with a 2 -48 g (8.64 mmols) portion of this 

product were admixed 1.29 g (11.2 mmols) of N-bydroxy- 
succinimide, 2.31 g (11.2 mmols) of DCC and 50 ml of DME. 
The mixture was stirred at 0°C for 1 hour and then at 
room temperature for 3 hours. The reaction mixture was 

15 cooled to 0°C and then stirred for 1 hour with addition 
of several drops of acetic acid. After filtering off 
the insolubles, the filtrate was concentrated to give a 
white solid, which was subjected to silica gel column 
chromatography (70:30 methylene chloride-ethyl acetate), 

20 giving 3.0 g (yield 90Z) of 3-[4- (3-maleimidopropyl) - 
phenyl Ipropionic acid succinimide ester (reagent 10). 
M.p. : 159-160°C (methylene chloride-ether) 
(11) Preparation of 3-[ 2- ( 3-maleimidopropyl)phenyl] - 
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compound (reagent 11) was prepared using appropriate 
starting material. 

IR (neat): 1822, 1792, 1740. 1710 cm" 1 

^H-NMR (CDC1 3 ): 5-1.85 (m, 2H) , 2.69 (s, 4H) , 

2.69 (m, 6H), 3.46 (t, J=6.2Hz, 2H) . 

6.49 (s, 2H), 7.03 (s, 4H) 

MS (m/z) - 384 (M + ) 

Found: m/z - 384.1325 

Calcd. for C 2() H 20 O 6 N2: M - 384.1321 

(12) Preparation of 3-C3-(3-maleimidopropyl)phenyl] - 
propionic acid succinimide ester (reagent 12) 

Following the procedure of (10), the above 
compound (reagent 12) was prepared using appropriate 
starting material. 

M.p. : 121-122"C (methylene chloride-ether) 

(13) Preparation of 4- (2-maleimidophenyl) butyric acid 
succinimide ester (reagent 13) 

Trifluoroacetic acid (1.31 ml, 17 mmols) and 
2.7 ml (33.3 mmols) of pyridine were added to a mixture 
of 5.51 g (33.3 mmols) of 2- (2-nitrophenyl)ethanol , 
50 ml of dimethyl sulfoxide, 50 ml of benzene and 21 g 
(0.1 mol) of DCC. After stirring the mixture at room 
temperature for 4 hours, 300 ml of aqueous solution of 
8 8? q (70 mmols) of oxalic acid dihydrate was added 
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temperature for 30 minutes and diluted with 500 ml of 

ethyl acetate. The organic layer was separated off, 

washed with saturated NaCl , dried over Na„S0, and con- 

2 4 

centrated to obtain a yellow oil. The oil was subjected 
to silica gel column chromatography (95:5 benzene-ethyl 
acetate) to obtain 2-nitrophenylacetoaldehyde in the form 
of an unstable oil in an amount of 4.50 g (yield 81Z) . 

With the aldehyde (4.50 g, 27 mmols) were 
admixed 18.0 g (53 mmols) of methoxycarbonylmethylene- 
triphenylphosphorane and 100 ml of methylene chloride. 
The mixture was refluxed for 12 hours, cooled to room 
temperature and concentrated. The concentrate was 
subjected to column chromatography (97:3 benzene-ethyl 
acetate), giving 2.58 g (yield 43Z) of a 60:40 mixture 
15 of methyl 4- (2-nitrophenyl) -3-butenoate and methyl 
4-(2-nitrophenyl)crotonate in the form of an oil. 

With a 1.71 g (7.74 mmols) portion of the nitro 
ester mixture obtained were admixed 200 mg of 10Z Pd-C 
and 30 ml of methanol, and the resulting mixture was 
stirred at room temperature in hydrogen atmosphere for 
3 days. After removing the insolubles by filtration, 
the filtrate was concentrated to obtain 1.0 g (yield 
67Z) of methyl 4- ( 2-aminophenyl)butyrate in the form 



20 
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10 ml of 1 mol dm KOH and 20 ml of ethanol , and Che 
mixture was refluxed for 12 hours, cooled to room tem- 
perature and concentrated to remove the ethanol . The 
aqueous layer was neutralized with 1 mol dm HC1 and 
then concentrated, giving 1*02 g of crude 4-(2-amino- 
phenyl) butyric acid. This crude product was used for 
the subsequent reaction without purification. 

The crude product (1.02 g) was dissolved in 
saturated NaHCOj aqueous solution. To this NaHCX^ 
aqueous solution (26 ml) was added 782 mg (5.18 mmols) 
of methoxycarbonylmaleimide at 0°C. The mixture was 
stirred at 0°C for 10 minutes, then diluted with 50 ml 
of water, stirred at 30°C for 1 hour and thereafter 
cooled to 0°C. With addition of several drops of 
acetic acid, the dilution was stirred at 0°C for 1 hour. 
The insolubles were filtered off, and the filtrate was 
concentrated to obtain a yellow oil. The oil was 
subjected to TLC (70:30:0.5 ethyl acetate-chloroform- 
acetic acid), giving 367 mg of 4- (2-maleimidophenyl) - 
butyric acid in the form of an oil. The yield was 2 7Z 
based on methyl 4- (2-aminophenyl)butyrate. 

With this acid product (367 mg, 1.42 mmols) 
were admixed 212 mg (1.85 mmols) of N-hydroxysuccinimide 
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for 3 hours. The reaction mixture was cooled to 0°C and 
then stirred at 0°C for 1 hour with addition of several 
drops of acetic acid. After removing the insolubles by 
filtration, the filtrate was concentrate to obtain a 
yellow oil, which was subjected to TLC (70:30 chloroform- 
ethyl acetate) to obtain 379 mg (yield 75Z) of 4-(2- 
maleimidophenyl) butyric acid succinimide ester in the 
form of an oil . 

IR (CHC1 3 ): 1808, 1780, 1745, 1708 cm" 1 
H-NMR (CDC1 3 ): 6- 2.94 (m, 2H) , 2.46 (m, 4H) , 

2.69 (s, 4H), 6.69 (s, 2H) , 
7.23 (m, 4H) 

MS (m/z) - 356 (M + ) 

Found: m/z = 356.1006 

Calcd. for c l8 H l6 0 6 N 2 : M = 356.1008 

(14) Preparation of 4- (3-maleimidophenyl)butyric acid 
succinimide ester (reagent 14) 

Following the procedure of (13), the above 
compound (reagent 14) was prepared as an oil using 
appropriate starting material. 
IR (CHC1 3 ) : 1808, 1780, 1743, 1718 cm" 1 
VNMR (CDC1 3 ) : 6= 2.02 (m, 2H) , 2.63 (m, 4H) , 

2.73 (s, 4H), 6.69 (s. 2H) , 
7.06 (m, 4H) 



01 09653 



- 56 - 

Found: m/z = 356.1006 
Calcd. for C 18 H 16 0 6 N 2 : M = 356.1008 
(15) Preparation of 12-maleimidododecanoic acid 
succinimide ester (reagent 15) 
5 A mixture of 4.30 g (20 mmols) of 12-amino- 

dodecanoic acid, 2.0 g (20 tmnols) of maleic anhydride 
and 200 ml of chloroform was stirred at room temperature 
for 2 hours and then refluxed for 5 hours. The reaction 
- mixture was cooled to room temperature, then concentrated 
10 to about 50 ml and cooled to 0°C. The precipitate 

separating out was filtered off, which was used for the 
subsequent reaction without purification. 

With the solid product were admixed 820 mg 
(10 mmols) of sodium acetate and 20 ml of acetic 
15 anhydride. The mixture was stirred at 90°C for 1 hour 
and concentrated. The concentrate was diluted with 
ethyl acetate, washed with saturated aqueous solution 
of NaCl, dried over Na 2 S(> 4 and concentrated to obtain 
a yellow semi-solid product, which was then dissolved in 
20 THF (30 ml)-H 2 0 (50 ml)-CH 3 C00H (10 ml). The solution 

was stirred at room temperature for 1 hour and then con- 
centrated, followed by extraction with ethyl acetate. 
The extract was dried over Na 2 S0 4> concentrated and 
coevaporated with toluene to obtain a yellow solid, 
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graphy (90:10:0.5 benzene-ethyl acetate-acetic acid to 
70:30:0.5 benzene-ethyl acetate-acetic acid) to give 
1.23 g of a white solid. The solid (1.23 g, 4.32 mmols) 
was admixed with 595 mg (5.18 mmols) of N-hydroxy- 
5 succinimide, 1.07 g (5.18 mmols) of DCC and 30 ml of DME. 
The mixture was stirred at 0°C for 1 hour and then at 

room temperature for 3 hour ^ r.nA « 

to 0°C. With addition of several drops of acetic acid, 
the mixture was further stirred at 0°C for 1 hour. 

10 The insolubles were removed by filtration. The-filtrate 
was concentrated to obtain a white solid, which* was 
subjected to silica gel column chromatography (2:1 ethyl 
acetatehexane), giving 1.52 g (yield 90Z) of 12-maleimido- 
dodecanoic acid succinimide ester, 

15 M.p. : 67-68°C (methylene chloride-ether-hexane) 

Table 1 below shows the structural formulae 
of the reagents prepared in the foregoing examples and 
other known protein coupling reagents. For the known 
reagent listed, Table 1, column of remarks shows the 

20 references and/or manufacturers concerned. 
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Table 1 



Compound 
Code No . 



Structural formula 



Remarks 



NS 2001 




Chem. Phamu Bull., 
29, 1130 (1981) 



NS 2002 




Chem. Pharm. Bull., 
29, 1130 (1981) and 
Pierce Chemical Co - , 
Rockford, IL. 



NS 2003 




Chem. Pharm. Bull., 
29, 1130 (1981) and 
Pxerce Chemical Co . , 
Rockford, IL. 
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Table 1 (continued) 



§ode°No d Struc tural formula Remarks 

NS 2004 (jJ NC H 2 COON^) H elv. Chi*. Acta., 



NS 2005 (JN-(CH 2 ) C00(j Helv. Chim. Acta., 

X o — ' 531 (1975) 



NS 2006 |j^ N -(CH 2 ) 5 C00N^) Helv. Chi*. Acta., 



58» 531 (1975) 



o o 

NS 2007 ^^N-(CH 2 ) 11 COON^] Reagent 15 

0 



0 

COCOON J 

NS 2008 ^\ r\ p „ 

<J Reagent 5 

0 

N ~ ' 
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Table 1 '(continued) 



Compound Structural formula 
Code No. — 



Remarks 



MS 2009 



0 

CH 2 C00Nj 

0 Reagent 3 




NS 2010 



0 

CH 2 CH 2 CH 2 C00N^) 




I 




Sigma Chemical 
Company 



NS 2011 




Sigma Chemical 
Company 
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Table 1 (continued) 



Compound 
Code No. 



Structural formula 



Remarks 



NS 2014 



CH 2 C00N 






0 



Reagent 4 



NS 2015 



(RS) 0 
C 2 H 5 SCH 2 CH 2 CHCOON 




Reagent 2 



NS 2016 



(S) 0 
C 6 H 5 CH 2 SCH 2 CHC00N^] 



Reagent 1 
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Table 1 (continued) 



Compound Structural formula Remarks 
Code No. 



NS 2019 




Reagent 7 



Reagent 6 and Enzyme 
Immunoa s s ay , 
pp 90-105, published 
by Igaku Shoin, Japan 
(1981) 



NS 2021 
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Table 1 (continued) 



Compound Structural formula Remark 
Code No. 



NS 2022 



NS 2023 



NS 2024 




Reagent 8 



Reagent 11 



Reagent 12 



0 
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Table 1 (continued) 



Compound Structural formula 

Code No. . 

0 



NS 2025 



NS 2026 



NS 2027 




Reagent 10 



Reagent 13 



Reagent 14 
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Table 1 (continued) 



Code°iio d Structu "l formula Remarks 



0 

ch 2 ch 2 ch 2 ch 2 coonJ 

NS 2028 fl] 6 C.A.Vol.95. 

1< V^ No. 25, 219362q 

I 



o-Oo 
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Example 1 

(1) LMW-UK (product of Japan Chemical Research 
Co*, Ltd., Japan) was concentrated by Diaflo ultra- 
filtration membrane FM-10 and then dialyzed with use of 
5 0.01M sodium phosphate buffer (pH«7.0). The dialyzate 
was centrifuged (8000 r.p.m. , 10 minutes). To the 
resulting supernatant (containing about 1 mmol of 
LMW-UK) was added dropwise DMF solution of 6.7 mmols of 
m-maleimidobenzoyl N-hydroxysuccinimide ester (compound 
10 code No.NS2002, product of Pierce Chemical Co., U.S.A., 
hereinafter referred to as "MBS") , and the mixture was 
stirred at room temperature for 30 minutes. The mixture 
was passed through a Sephadex G-25 fine column (1.5 cm 
in diameter and 20 cm in length, product of Pharmacia 
15 Fine Chemicals) equilibrated with deoxygenated 0.1M 

sodium phosphate buffer (pH=6.0), followed by development 
with the same buffer. The fraction having a peak 
absorbance at 280 nm was collected to obtain 0.9 mmol of 
LMW-UK having MB groups coupled therewith. The product 
20 had 2.7 moles of MB groups coupled to LMW-UK per mole 
thereof on average. 

(2) A 123 mg quantity of plasmin HC obtained by 
the same procedure as Reference Example 1, (1) and 
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by three cycles of vacuum-bleeding in nitrogen and 
stirred at room temperature for 3 hours under nitrogen. 
To the mixture was added 2-mercaptoethanol to a final 
concentration of 1 mM. The resulting mixture was 
5 stirred for 10 minutes, N-ethylmaleimide was added 
thereto to a final concentration of 2mM, and the 
mixture was stirred at room temperature for 20 minutes. 
The mixture was then subjected to gel filtration using 
a Sephadex G-25 fine column (2.6 cm in diameter and 

10 30 cm in length, product of Pharmacia Fine Chemicals > 
equilibrated and eluted with 0.1M sodium phosphate 
buffer containing 0.4M NaCl . The fraction having a 
peak absorbance at 280 nm was collected and applied 
to a column (2.5 cm in diameter and 5.8 cm in length) 

15 of benzamidine-CH-Sepharose (prepared by the method of 
L. Holmberg et al . Biochemica et Biophysica Acta, 445, 
215 (1976)) equilibrated with the same buffer as above, 
followed by washing with 900 ml of the same buffer and 
then by elution with 0 . 1M aqueous solution of acetic 

20 acid containing 0.1M NaCl and then with 6M aqueous 
solution of urea to obtain fractions having a peak 
absorbance at 280 nm. The fractions were subjected to 
gel filtration with a Sephadex G-25 column (5 cm in 
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protein peak fractions were applied to a lysine- 
Sepharose column (1.6 cm in diameter and 14 cm in 
length) equilibrated with 0.1M aqueous solution of 
ammonium bicarbonate, followed by washing with 400 ml 
of the same solution and with 100 ml of 0.2M aqueous 
solution of 6-aminohexanoic acid and by elution with 2M 
aqueous solution of KSCN. The protein peak fractions 
of the eluate were desalted and concentrated by Diaflo 
ultrafiltration membrane PM-10 to obtain 22.3 mg of a 
plasmin HC-LMW-UK complex (hereinafter referred to as 
"complex A") . 

The complex A was found to show a band with 
a molecular weight of 80,000 to 90,000 with use of 
SDS-PAGE and contained about 1 mole of plasmin HC 
coupled with LMW-UK per mole thereof. 

Examples 2-4 

Plasmin HC-LMW-UK complexes listed in Table 2 
below were prepared in the same manner as in Example 1 
except that the compounds listed in Table 1 were used 
as protein coupling reagents in place of MBS. 

Table 2 



Example No. Complex 
2 Complex B 



Protein coupling reagent 
Compound code No. NS 2003 
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The complexes B to D obtained were found to 
show a band with a molecular weight of 80,000 to 90,000 
with use of SDS-PAGE and were about 1:1 in the mole 
ratio of LMW-UK to plasmin HC. 
5 Example 5 

(1) LMW-UK (product of Japan Chemical Research 
Co , , Ltd., Japan) was co nponfrat *°^ v.^ n -pi ^ 
filtration membrane PM-10 and then dialyzed with use of 
0.01M sodium phosphate buffer (pH=7,0). The dialyzate 

10 was centrifuged (8000 r.p.m. , 10 minutes). To 1 ml 
portion of the resulting supernatant (containing 
500,000 units /ml of LMW-UK) was added drop wise DMF 
solution of MBS (0.7 Umol) , and the mixture was stirred 
at room temperature for 30 minutes. The mixture was 

15 passed through a Sephadex G-25 fine column (1.5 cm 
in diameter and 20 cm in length) equilibrated with 
deoxygenated 0.1M sodium phosphate buffer (pH*=7.0), 
followed by development with the same buffer. 
The fraction having a peak absorbance at 280 nm was 

20 collected to obtain 400,000 units of LMW-UK having MB 
groups coupled thereto. The product had 2 moles of MB 
groups coupled to LMW-UK per mole thereof on average. 
The product was used for the reaction in the procedure 
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Co., Ltd., Japan) was concentrated by Diaflo ultra- 
filtration membrane PM-10 and then dialyzed with use of 
0.01M sodium phosphate buffer (pH=7.0). The dialyzate 
was centrifuged (8000 r.p.m., 10 minutes). To 1 ml 
5 portion of the resulting supernatant (containing 
500,000 units/ml of LMW-UK) was added dropwise DMF 
solution of MBS (4 mmols), and the mixture was stirred 
at room temperature for 30 minutes. The mixture was 
passed through a Sephadex G-25 fine column (1.5 cm 

10 in diameter and 20 cm in length) equilibrated with 
deoxygenated 0.1M sodium phosphate buffer (pH=7.0), 
followed by development with the same buffer. 
The fraction having a peak absorbance at 280 nm was 
collected to obtain 400,000 units of LMW-UK having MB 

15 groups coupled thereto. The product had 2 moles of MB 
groups coupled to LMW-UK per mole thereof on average. 
The product was used for the reaction in the procedure 
(3) below. 

(3) An 8 mg quantity of plasmin HC obtained by the 
20 same procedure as Reference Example 1, (2) and 400,000 
units (2.05 mg) of MB group containing LMW-UK prepared 
by the above procedure (1) or (2) were mixed together, 
thoroughly subjected to nitrogen replacement and 
^ M r r o d morn rpmnnrnrnrp for 3 hours undor nitro^n 
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concentration of 1 mM. The resulting mixture was 
stirred for 10 minutes, N-ethylmaleimide was added 
thereto to a final concentration of 2mM, and the 
mixture was stirred at room temperature for 20 minutes. 
5 The mixture was then subjected to gel filtration using 
a Sephadex G-25 fine column (2.6 cm in diameter and 
30 cm in length, same as above) equilibrated and eluted 
with 0.1M sodium phosphate buffer containing 0.4M NaCl. 
The fraction having a peak absorbance at 280 nm was 

10 collected and applied to a column of benzamidine-CH- 

Sepharose (the same as the one mentioned}) equilibrated 
with the same btiffer as above, followed by washing with 
900 ml of the same buffer and then by elution with 0.1M 
aqueous solution of acetic acid containing 0.1M NaCl 

15 and then with 6M aqueous solution of urea to obtain 
fractions having a peak absorbance at 280 nm. The 
fractions were combined and subjected to gel filtration 
with a Sephadex G-2 5 column (5 cm in diameter and 25 cm 
in length) equilibrated with 0 . 1M aqueous solution of 

20 ammonium bicarbonate. The resulting protein peak 

fractions were applied to a column of lysine-Sepharose 
(1.6 cm in diameter and 14 cm in length) equilibrated 
with 0 . 1M aqueous solution of ammonium bicarbonate, 
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acid. The protein peak fractions of the eluate were 
desalted and concentrated by Diaflo ultrafiltration 
membrane PM-10 to obtain 200,000 units (4,5 mg) of a 
pla8min HC-LMW-UK complex (hereinafter referred to as 
5 "complex E") of the invention. The complex E was found 
to show a band with a molecular weight of about 90,000 
with use of SDS-PAGE and contained about 1 mole of 
plasmin HC coupled with LMW-UK per mole thereof. 

Examples 6-27 

10 Plasmin HC-LMW-HK complexes listed in Table 3 

below were prepared in the same manner as in Example 5 
except that the compounds given in Table 1 were used as 
protein coupling reagents in place of MBS. 
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Table 3 



Example No. 


Complex 


Protein coud 


line 


reagent 


6 


Complex F 


Compound code No. 


NS 2001 


-7 

7 


G 


" Tf 


No. 


NS 2003 


8 


H 


" II 


No. 


NS 2004 


9 


" I 


" II 


No. 


NS 2005 


10 


J 


" tl 


No. 


NS 2006 


11 


" K 


»* tr 


No. 


NS 2007 


12 


L 


'» 


No. 


NS 2008 


13 


M 


'* ii 


No. 


NS 2009 


14 


N 


" ft 


No. 


NS 2010 


15 


0 


'f ii 


No. 


NS 2011 


16 


P 


ti 


No. 


NS 2014 


1 / 


Q 


'* ii 


No. 


NS 2015 


18 


R 


*» it 


No. 


NS 2016 


19 


S 


't ii 


No. 


NS 2019 


20 


T 


» it 


No. 


NS 2020 


21 


U 


»» it 


No. 


NS 2021 


22 


V 


'» !• 


No. 


NS 2022 


23 


W 


" II 


No. 


NS 2023 


24 


X 


" II 


No. 


NS 2024 


25 


Y 


** 11 


No. 


NS 2025 
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These complexes were all found to show a band 
with a molecular weight of about 90,000 with use of 
SDS-PAGE and were about 1:1 in the molar ratio of LMW-UK 
and plasmin. 
5 Pharmacological tests 

(1) Fibrinolytic activity test 

(a) The complex A obtained in Example 1 was tested 
for solubilizing acivity by the standard fibrin plate 
method (A method). Fig. 1 shows the results. 

10 In Fig. 1, the amidolytic activity of urokinase 

or complex A (expressed in International Unit/ml against - 
the Japanese Urokinase Standard ,MM0 03 ) determined by the 
synthetic substrate method is plotted as abscissa vs. 
the fibrinolytic activity (expressed in the diameter (mm) 

15 of lysis zone) determined by the standard plate method. 

Line (1) shows the results obtained by using the complex 
A, and Line (2) shows the results obtained by using 
LMW-UK (control). 

The diagram reveals that the complex A of 

20 the present invention is comparable to the control, 

i.e., LMW-UK, in fibrinolytic activity at 10 units/ml 
and is superior to the control in this activity at 
lower concentrations . 

(b) Some of the complexes prepared in Examples 5 
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standard fibrin plate method (B method). In some tests, 
the activity test was similarly conducted in the presence 
of a plasmin inhibitor. 

The results are shown in Fig. 2, in which the 
amidolytic activity (unit/ml) determined by the synthetic 
substrate method is plotted as abscissa vs. fibrinolytic 
activity (the rii<?meter fmrrn Ur-;, \ _ 

the standard plate method. Lines (3) to (8) in Fig. 2 
represent the following. 

(-3): LMW-UK (control) 

(4) -. complex E 

(5) : complex G 

(6) : complex N 

(7) : LMW-UK + plasmin inhibitor 

(8) : complex E + plasmin inhibitor 

The plasmin inhibitor was prepared from human 
plasma by the method of M. Moroi et al (J.Biol. Chem. , 
251, 5956 (1976)) and was used in an amount of 0.5 ml 
per 0.5 ml of the sample. 

Fig. 2 reveals that the present complexes E, 
G and N retain the fibrinolytic activity and are 
superior to the starting material, i.e., LMW-UK in 
this activity at 1 to 100 units/ml and that even in 
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4 to 20 units/ml. 

When similarly tested, the other complexes 
prepared in Examples of this invention were all found to 
be comparable in urokinase activity to those tested above. 
(2) Test for ability to be adsorbed by fibrin 

(a) The complex A obtained in Example 1 was tested 
for ability to be adsorbed by fibrin by the following 
method. A column packed with 3 ml of f ibr in -monomer - 
Sepharose 6B (prepared by the method of D,L. Heene 
(Thrombosis Research, 2, 137 (1973)) was brought to, 
equilibrium with 0.005M sodium phosphate butter (pH=7.4) 
containing 0.135M NaCl. The complex A, HMW-UK, 
plasminogen or plasmin HC (2 to 3 mg each) dissolved 
in the same buffer as above was applied to the column, 
which was then washed with 30 ml of the same buffer as 
above, followed by elution with the same buffer which 
further contained 10 mM 6-aminohexanoic acid. 
The ability to be adsorbed by fibrin was determined 
in terms of the ratio of recovery of the sample by the 
eluate fraction. The recovery ratios of plasminogen 
and plasmin HC were determined based on the absorption 
of the eluate fraction at 280 nm. Those of the complex 
A and HMW-UK were determined based on the urokinase 
activity of the eluate fraction determined by the 
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The test results show that the ability of the 
complex A to be adsorbed by fibrin is 10Z, which is 
about one half the ability of plasminogen (24Z) or about 
one fourth the ability of plasmin HC (39Z) and is about 
5 10 times as high as urokinase (about 1Z) in this ability, 
(b) Some of the present complexes were also tested 
for the ability to be adsorbed by fibrin by the following 
method. A column packed with 20 ml of f ibrin-monomer- 
Sepharose 6B (same as- above) was equilibrated with 

lQ 0.005M sodium phosphate buffer (pH=7.4) containing 

0.135M NaCl. The complexes, HMW-UK or plasmin HC (0.5 mg 
each) dissolved in the same buffer as above was applied 
to the column. The column was washed with 200 ml of the 
same buffer, followed by elution with the same buffer 

15 containing 10 mM 6-aminohexanoic acid and with the same 
buffer containing 2M KSCN. The amount of the sample 
adsorbed by fibrin was determined based on the absorption 
of the eluate fraction at 280 nm for plasmin HC, or on 
the urokinase activity determined by the synthetic sub- 

2 0 strate method for the present complex and HMW-UK. 

The percentage of the amount of adsorbed sample (eluate 
fraction) was calculated relative to the overall recovery 
ratio (the adsorbed amount plus unadsorbed amount). 



: • • :.u i t..s . 
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Table 4 



Ability to be 
adsorbed by fibrin 



Control 

plasmin HC 95.2 



HMW-UK 0 
Complex E 86 -° 
Complex 0 67 -?_ 



When similarly tested, the complexes of 
Examples other than the complexes E and 0 were found 
to be comparable to the listed complexes in the ability. 
These results indicate that the complexes of the 
invention retain the high ability to be adsorbed by 
fibrin attributable to plasmin HC. 

(3) Curing effect on experimental pulmonary embolism 

15 in rabbits 

This test was conducted according to the method 

of 0. Matsuo et al (Nature, 291. 590 (1981)). Artificial 

thrombus was prepared from fresh human blood having 12 I- 

j - a ^ QroH irh and the 12 5 I content thereof 
fibrinogen admixed therewxtn ana me 

a TS^n t-he artificial thrombus was injected 
20 was measured. Then tne ar'-j.i.ii.'. 

into the jugular vein of an anesthetized rabbit to 
simulate pulmonary embolism. The complex k, or HMW-UK 



, -i i nfT^pd Into 
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were collected at time intervals and the radioactivity 
thereof was measured. The percentage of the radio- 
activity in the total blood was calculated relative 
to the radioactivity of the injected thrombus. Nine 
5 hours after the start of the infusion, the lungs were 
dissected, and the remaining radioactive thrombus was 
recovered from the pulmonary artery and the radioactivity 
thereof was measured. The percent thrombolysis was 
calculated based on the difference in 125 i content of 
10 the injected and recovered thrombus. The total isotope 
recovery was measured as the sum of the radioactivity 
present in the recovered thrombus, the blood, the urine 
and the lungs, and expressed as percentage based on the 
radioactivity of the injected thrombus. Table 5 shows 
the result. 
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Table 5 reveals that HMW-UK, when given at 
50,000 units/body, produces exactly the same result 
as saline but that when the complex A is given at 
50,000 units, significantly high blood radioactivity 
is maintained over the entire period with an increased 
amount of isotope released into the urine. The complex 
further achieves about 102 hie*"**- <-k>-~-k„i „ „„ 
determined from the radioactivity of recovered thrombus, 
thus exhibiting significantly high thrombolytic acitivity. 
The administration of the complex A entailed no tendency 
of bleeding. 

When similarly tested, complexes B to AA were 
found to achieve results which are comparable to the 
above results. 
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CLAIMS : 

1. A process for preparing a fibrin-adsorable 
protein-urokinase complex characterized by reacting a 
protein adsorbable by fibrin with urokinase in the 
presence of a protein coupling reagent represented 
by the formula 

0s 



(A) A -C00N^J 




wherein R is phenylene or cycloalkylene, A is lower 
alkylene, B is lower alkylene which may optionally be 
substituted by lower alkylthio or phenyl-lower alkylthio, 
and I, m and n are each 0 or 1 provided that I, m and n 
are not 0 at the same time. 

2. A process as defined in claim 1 wherein the 
protein coupling reagent is a compound of the formula 
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10 




(B) m - N: 



wherein A and B each represent lower alkylene, I and 
m each are 0 or 1 . 

3. A process as defined in claim 1 wherein the 
protein adsorbable by fibrin is a plasmin heavy chain. 

4. A process as defined in claim 1 wherein 
urokinase is low molecular weight-urokinase or high 
molecular weight-urokinase. 

5. A process as defined in claims 1 or 2 
wherein A represents alkylene groups having 1 to 6 
carbon atoms. 

6. A process as defined in claim 1 wherein 

B represents alkylene groups having 1 to 6 carbon atoms 
which may optionally be substituted with alkylthio 
having 1 to 6 carbon atoms or with phenyl-alkylthio 
wherein the alkyl moiety has 1 to 6 carbon atoms. 

7. A fibrin-adsorbable protein-urokinase 
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8. A pharmaceutical composition containing 
the fibrin-adsorbable protein-urokinase complex prepared 
by a process as defined in claim 1 in combination with 
a pharmaceutical^ acceptable, non-toxic carrier. 



1/1 



' ' 01 09653 



FIG.1 



(mm) 

30- 



d) 
C 

o 

N 

"to 



20- 



gJ 10- 

CD 



5 



o 

N 

to 

"i0 

ICH 



CI) 
+-> 
CD 




r. 



0JT7S 0.625 1.25 2.5 5 10 

Urokinase Activity (unit/ml) 
FIG. 2 




1 o 

to 



Urokinase Activity C Unit/ml) 



